Alzheimer's disease (AD) is one of the prevalent neurological disorders of the central nervous system hallmarked by increased beta-amyloid (Aβ) deposition and ensuing learning and memory deficit. In the present study, the beneficial effect of naringenin on improvement of learning and memory was evaluated in an Alzheimer's disease rat model. The Aβ-injected rats showed a lower alternation score in Y-maze task, impairment of retention and recall capability in passive avoidance test, and lower correct choices and higher errors in radial arm maze (RAM) task as compared to sham group in addition to enhanced oxidative stress and apoptosis. Naringenin, but not a combination of naringenin and fulverstrant (an estrogenic receptor antagonist) significantly improved the performance of Aβ-injected rats in passive avoidance and RAM tasks. Naringenin pretreatment of Aβ-injected rats also lowered hippocampal malondialdehyde (MDA) with no significant effect on nitrite and superoxide dismutase (SOD) activity in addition to lowering apoptosis. These results suggest naringenin pretreatment attenuates Aβ-induced impairment of learning and memory through mitigation of lipid peroxidation and apoptosis and its beneficial effect is somewhat mediated via estrogenic pathway.
Introduction
Alzheimer's disease (AD) is known as the most causative factor for dementia and well characterized by the aggregated β-amyloid (Aβ) (Bao et al., 2013) . AD is a progressive neurodegenerative disorder that with time impairs cognitive skills and learning and memory abilities (Mimura, 2008) . The main pathogenic mechanisms responsible for AD include cholinergic dysfunction, enhanced oxidative stress burden and disturbed antioxidant defense system, augmented inflammatory response, and an excitotoxic insult (Grothe et al., 2014; Obulesu and Jhansilakshmi, 2014; Subash et al., 2014) . Currently, there is no effective cure for AD, so the focus of treatments is on stopping or slowing the progressive decline in cognitive functions (Zhu et al., 2013) .
Naringenin is a natural flavanone, richly found in citrus and grape fruits, exhibits antioxidant potential, improves brain insulin signaling and cognitive functions and ameliorates AD-type neurodegeneration due to intracerebroventricular-streptozotocin (Khan et al., 2012; Yang et al., 2014) . In addition, naringenin exhibits anti-inflammatory effect (Esmaeili and Alilou, 2014) , exerts neuroprotective effect in 6-hydroxydopamine (6-OHDA)-induced model of Parkinson's disease and also against 6-OHDA neurotoxicity (Lou et al., 2014; Zbarsky et al., 2005) . Of interest, cholinergic function is improved by naringenin due to its antioxidant property and through inhibition of cholinesterase activity in the hippocampal region, in this way could improve type-2 diabetes-induced memory dysfunction (Rahigude et al., 2012) . Based on these findings, we tried to evaluate the protective potential of naringenin and to assess the involvement of estrogenic pathway, oxidative stress, and apoptosis in relation to learning and memory deficits in an intrahippocampal Aβ-injected rat model of AD. 4
Material and methods

Animals
Adult male Wistar rats (Pasteur's Institute, Tehran), weighing 240-300 g at the start of the experiment were housed three to four per cage in a temperature-controlled colony room (room temperature was 21-23°C) under 12:12 light/dark cycle (lights on: 06-18). Animals were allowed to acclimate to their environment for 10 days prior to being tested and handled daily. The animals were given free access to water and kept at 80-85% of their free feeding body weight throughout the experiment. All behavioral experiments were carried out between 10 a.m. and 4 p.m. This study was conducted in accordance with the policies stipulated in the Guide for the Care and Use of Laboratory Animals (NIH) and approved by the Research Council of Iran University of Medical Sciences (Tehran, Iran).
Experimental procedure
Rats (n = 45) were randomly allocated to the following equal-sized groups: sham, naringeninpretreated sham, beta amyloid (A-beta), naringenin-pretreated A, and naringenin-pretreated Areceiving fulvestrant as an estrogen receptor antagonist. For stereotaxic surgery, rats were anesthetized with a combination of ketamine (80 mg/kg, i.p.) and xylazine (10 mg/kg, i.p.) and then placed in a Stoelting stereotaxic apparatus (incisor bar -3.3 mm, ear bars positioned symmetrically). The scalp was cleaned with iodine solution and incised on the midline, and a burr hole was drilled through the skull and A1-40 (Sigma-Aldrich, USA) was injected at coordinates of -3.6 mm posterior to bregma, 2 mm lateral to sagittal suture, and 2.6-2.8 mm below dura, according to the stereotaxic atlas (Paxinos and Watson, 1986) . Naringenin (Sigma-Aldrich, USA) was dissolved in 10% Cremophor and administered orally by gavage at a dose of 100 mg/kg one hour before surgery. The dosage was chosen according to the results of our pilot study and its efficacy in an earlier study (Yang et al., 2014) . Animals in the Aβ group were bilaterally injected in the dorsal hippocampus with 4 l of a solution containing A1-40 (2 nmol/4 l). The amount of Aβ (0.5 nM/µl dissolved in 0.9% normal saline; pH = 8.0) was chosen based on our earlier experiment, and the solution was prepared according to previous studies (Bagheri et al., 2011; Miguel-Hidalgo et al., 2002) and then immediately stored at -70˚C until used. Sham group received 4 l of 0.9% normal saline instead of Aβ solution. The ER antagonist fulvestrant (Sigma-Aldrich, USA) was injected i.c.v. at a dose of 10 g/rat (5 l) at coordinates of -0.8 mm posterior to bregma, 1.4 mm lateral to bregma, and 4 mm below dura 30 min before Aβ injection.
Fulvestrant was dissolved in dimethyl sulfoxide (DMSO) and diluted to the required volume with artificial CSF (ACSF) containing the following: 120 mM NaCl, 3 mM KCl, 1.15 mM CaCl2, 0.8 mM MgCl2, 27 mM NaHCO3, and 0.33 mM NaH2PO4; pH adjusted to 7.2. Post-operatively, the rats were given special care until spontaneous feeding was restored. Behavioral tests were conducted after two weeks post-surgery as depicted in Fig. 1 and were evaluated blind to the treatments by the observer.
Y maze task
Spatial recognition memory was assessed by recording spontaneous alternation behavior in a single-session Y-maze on the 14 th day post-surgery, as described before (Baluchnejadmojarad and Roghani, 2011) . The maze was made of black Plexiglas. Each arm was 40 cm long, 30 cm high and 15 cm wide. The arms converged in an equilateral triangular central area that was 15 cm at its longest axis. The procedure was as follows: each rat, naive to the maze, was placed at the end of one arm and was allowed to move freely through the maze during an 8-min session. The series of arm entries were recorded visually. Entry was considered to be complete when the base of the animal's tail was entirely within the arm. Alternation was defined as successive entries into 6 the three arms on overlapping triplet sets. The maximum number of possible spontaneous alternations was determined as the total number of arms entered minus 2, and the percentage was calculated as the ratio of actual to possible alternations × 100.
RAM task
Spatial memory were tested using a radial arm maze (RAM) according to the paradigm described previously (Bagheri et al., 2011; Baluchnejadmojarad and Roghani, 2006) . The apparatus consisted of a 50-cm-elevated (above the floor) eight-armed radial maze (RAM) made of black Plexiglas. The maze was placed in a sound-attenuated and dimly lit room. The 60-cm-long, 10-cm-wide, and 15-cm-high arms extended radially from a central octagonal starting platform (35 cm in diameter), and there was a recessed food cup at the end of each arm. In some of the arms, the cup contained a single small food pellet as a reinforcer. A plastic cylinder (30 cm in diameter, 20 cm high) was placed on the central platform, and a rat was placed inside this cylinder 15 s before the test. Following this interval, the rats were allowed to move freely and timing began.
The RAM was surrounded by various extra-maze cues; their orientation relative to the maze was kept constant throughout the experiment. The maze was cleaned with diluted ethanol between trials.
Prior to acquisition (i.e., before surgery), the rats were maintained on a restricted feeding schedule designed to keep their body weight at about 85% of the free-feeding level. The rats learned to visit each arm, eat the pellet, and not re-enter the arm that had been visited during the same test. Each entry into each arm with all four paws was scored during a period of 10 min.
Behavioral observation was discontinued after 10 min, even if the animal did not finish the task.
The number of correct choices or errors was used to assess the performance of the animal in each
session. An error was defined as a re-entry into an already visited arm. Rats that made at least seven correct choices in each of three consecutive sessions were used in the subsequent 7 behavioral experiments. Training was performed at 24-h intervals, and rats that fulfilled the above-mentioned criteria within two weeks were included in the study. Retention trials were performed once on the 16 th day post-surgery.
Single trial passive avoidance test
The protocol of this test has been described before (Baluchnejadmojarad and Roghani, 2011) .
The apparatus (40 cm long × 20 cm wide × 30 cm high) consisted of an illuminated chamber connected to a dark chamber by a guillotine door. Electric shocks were delivered to the grid floor by an isolated stimulator. On the first and second days of testing, each rat was placed in the apparatus for 15 min to habituate. On the third day, an acquisition trial was performed. Rats were placed individually in the illuminated chamber. After a habituation period (5 min), the guillotine door was lifted, and, after the rat had entered the dark chamber, the door was lowered and an inescapable scrambled single electric shock (1 mA, 1 s) was delivered. In this trial, the initial latency (IL) of entrance into the dark chamber was recorded, and all rats had ILs greater than 60 s and were included in the study. Twenty-four hours later, each rat was placed in the illuminated chamber for retention trial. The interval between placement in the illuminated chamber and entry into the dark chamber was measured as step-through latency (STL, up to a maximum of 300 s).
This test was conducted on days 17-20 post-surgery.
Measurement of oxidative stress markers
Determination of hippocampal MDA concentration
The rats were anesthetized with ketamine (100 mg/kg) and decapitated. Hippocampi were isolated and blotted dry, and then weighed and prepared as a 5% tissue homogenate in ice-cold 0.9% saline solution. After centrifugation (1000×g, 4ºC, 10 min), the supernatant was aliquoted and stored at -70°C until assayed. The concentration of malondialdehyde (MDA), used as a marker of lipid peroxidation index, was calculated by measuring thiobarbituric acid reactive 8 substances (TBARS) in the supernatant as described previously (Afshin-Majd et al., 2014) .
Briefly, trichloroacetic acid and TBARS reagent were added to aliquots of the supernatant, which were subsequently mixed and incubated at 100ºC for 80 min. After cooling on ice, the samples were centrifuged at 1000×g for 10 min, and the absorbance of the supernatant was read at 532
nm. The results of TBARS measurements were expressed as MDA equivalents, using tetraethoxypropane as standard.
Measurement of hippocampal SOD activity
Superoxide dismutase (SOD) activity was measured as previously reported (Roghani and Baluchnejadmojarad, 2009 ). Briefly, supernatant was incubated with xanthine and xanthine oxidase in potassium phosphate buffer (pH 7.8, 37ºC) for 40 min, and then nitroblue tetrazolium (NBT) was added. Thereafter, blue formazan was monitored spectrophotometrically at 550 nm.
The amount of protein that inhibited NBT reduction to 50% maximum was defined as 1 nitrite unit (NU) of SOD activity.
Assay of hippocampal nitrite concentration
Supernatant nitrite (NO2 -) content was assayed by the Griess method, as described before (Bagheri et al., 2011) . The compound NO has a short half-life and is rapidly converted to the stable end products nitrate (NO3 -) and NO2 -. In the assay used here, NO3 -is converted to NO2 -by cadmium, and this is followed by color development with Griess reagent (sulfanilamide and Nnaphthyl ethylenediamine) in acidic medium. The absorbance was determined using a spectrophotometer at 540 nm.
Protein assay
The protein content of the supernatant was measured by the Bradford method, using bovine serum albumin (Sigma Chemical, St. Louis, MO) as the standard (Bradford, 1976) .
Determination of DNA Fragmentation (Apoptosis)
In this experiment, the determination of histone-associated DNA fragments was performed using the Cell Death Detection ELISA kit (Roche Diagnostics, Germany) as an indicator of apoptosis according to the protocol from the company and the procedure as described before (Afshin-Majd et al., 2014) . The assay is based on a quantitative sandwich-enzyme-immunoassay principle using mouse monoclonal antibodies directed against DNA and histones, respectively. This allows the specific determination of mono-and oligonucleosomes (histone-associated DNA fragments) in the fraction of tissue lysates. The amount of nucleosomes demonstrating DNA degradation was quantified by peroxidase (POD) retained in the immunocomplex. POD was determined photometrically at 405 nm with 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) as a substrate by microplate reader (BioTek, USA) after 15 min of substrate reaction time. Values were expressed as the optical density (OD).
Statistical Analysis
All results were expressed as mean  S.E.M. The non-parametric Kruskal-Wallis test was used to analyze the behavioral data, and if a difference was found to be significant, pair-wise comparison was done using the Mann-Whitney U-test. Parametric one-way ANOVA was used to assess the biochemical results. In all calculations, a difference at P < 0.05 was regarded as significant. Fig. 2 illustrates the performance of rats in the Y-maze task, which was studied to assess spatial recognition memory. In this respect, alternation score was significantly different between the groups (Kruskal-Wallis, H (4)=18.7, P < 0.005). The alternation score was found to be significantly lower for A group (49.5 ± 5.1%) as compared to the sham group (81.1 ± 5.4 %) at the end of the study (Mann-Whitney, U=15.3, P < 0.01). Moreover, the score was significantly higher for naringenin-pretreated Agroup (69.4 ± 6.7%) as compared to the animals in the A group (Mann-Whitney, U=21.4, P < 0.05). The alternation score was also non-significantly higher for naringenin-pretreated A group receiving the estrogen receptor antagonist fulvestrant (63.7 ± 6.3%) as compared to the A group. In addition, the naringenin-pretreated sham group (73.3 ± 5.9%) had not a significant difference versus sham group regarding alternation percentage. To avoid a compounding effect of locomotor activity on the performance of the rats in memory evaluation tests, we used the total number of arms entered by rats as an index of such activity. In this respect, there were no significant differences amongst the groups (data not shown).
Results
Alternation behavior in Y maze task
Passive avoidance test
Fig . 3 shows the performance of rats in the passive avoidance test as determined by IL and STL.
For IL, no significant differences were found amongst the groups. Regarding STL, there was a significant difference between the groups (Kruskal-Wallis, H (4)=21.8, P < 0.001). In this respect, the Agroup (23.1 ± 5.3 s; P < 0.005), and the A group pretreated with naringenin and receiving fulvestrant (38.8 ± 8.2 s; P < 0.01) showed a significant impairment of retention and recall as compared to the sham group (99.7 ± 13.4 s). Moreover, naringenin-pretreated A group showed a significant improvement of STL (65.6 ± 10.7 s) as compared to A group (MannWhitney, U=17.3, P < 0.01) and this difference significantly abolished in the presence of fulvestrant (P < 0.05). Furthermore, STL in naringenin-pretreated sham group did not show a significant difference versus sham group.
RAM task
Statistical analysis showed a significant difference between the groups regarding correct choices (Kruskal-Wallis, H (4)=21.3, P < 0.005) and errors (Kruskal-Wallis, H (4)=20.4, P < 0.005).
Agroup showed a significant deficit in spatial cognition in this task, as indicated by a lower number of correct choices (Mann-Whitney, U=15.9, P < 0.01) and a higher number of errors (Mann-Whitney, U=16.4, P < 0.01) as compared to data from sham group. Naringenin pretreatment of Agroup caused a significant increase in the number of correct choices (MannWhitney, U=21.8, P < 0.05) and non-significantly lowered the number of errors versus Agroup.
Meanwhile, administration of fulvestrant to naringenin-pretreated A group caused significant decrease (Mann-Whitney, U=16.7, P < 0.01) of correct choices (as observed in the Agroup) and significant increase of errors (Mann-Whitney, U=15.9, P < 0.01) (the same as the Agroup) versus sham group (Fig. 4) . Moreover, the difference between the Anaringeninfulvestrant and Anaringenin groups was statistically significant regarding both correct choices (MannWhitney, U=19.1, P < 0.05) and errors (Mann-Whitney, U=20.6, P < 0.05).
Hippocampal oxidative stress and apoptosis
A group exhibited a significantly higher level of MDA (10.4 ± 1 nmol/mg protein; P < 0.01) and nitrite (9.1 ± 0.8 nmol/mg protein; P < 0.01), and a significant reduction of SOD activity (3.9 ± 0.8 unit/mg protein; P < 0.01) (Fig. 5 ) as compared to the sham group (MDA, 6.06 ± 0.7 nmol/mg protein; nitrite, 5.8 ± 0.6 nmol/mg protein; SOD 7.2 ± 0.6 unit/mg protein).
Pretreatment of A group with naringenin significantly restored only the level of MDA (7.6 ± 0.7; P < 0.05) relative to A group with no significant change of nitrite and SOD. In addition, the difference between Anaringeninfulvestrant and Anaringenin groups was not statistically significant regarding these parameters. Measurement of chromosomal breakdown of DNA as a reliable indicator of apoptosis showed a significant increase of DNA fragmentation in A group (P < 0.005) versus sham group and naringenin pretreatment of Agroup significantly reduced this index relative to A group (P < 0.05) as shown in Fig. 6 . In addition, fulvestrant administration to Anaringenin group abolished this significant difference.
Discussion
This study was undertaken to assess the preventive effect of naringenin on learning and memory deficits in an intrahippocampal Aβ-injected rat model of AD and to determine the involvement of estrogenic receptors pathway, oxidative stress, and apoptosis in this regard. The findings of this study showed that naringenin, but not a combination of naringenin and fulverstrant as an estrogenic receptor antagonist significantly improves the performance of Aβ-injected rats in some behavioral tasks via lowering hippocampal MDA in addition to reducing apoptosis and part of its beneficial effect was mediated through estrogenic signaling pathway.
Earlier studies have shown that infusion of Aβ1-40 into the cerebral ventricles (Nabeshima and Nitta, 1994) or its intrahippocampal injection (Bagheri et al., 2011) leads to learning and memory disturbances. In this study, we observed impaired learning and memory in rats after bilateral injection of Aβ1-40 into the dorsal hippocampus, which agrees with the results of our previous study (Bagheri et al., 2011) . Previously, we have done some experiments using Aβ1-40 fragment which produced a stable and consistent model of AD. This model exhibited neuronal loss in different parts of hippocampus and cognitive impairment (Bagheri et al., 2011; Bagheri et al., 2013) and for this reason we decided to use Aβ1-40 fragment to induce animal model of AD in this study. Regarding the oligomeric state of Aβ, we have done thioflavin T fluorescence assay (unpublished work) and it showed that the used Aβ solution in our study contained both free and fibrillar forms of Aβ1-40.
Several evidence suggests that women are at a twofold risk of developing late onset AD after the age of 65 years compared to men which has been linked to endogenous estrogen deficiency, 13 while estrogen replacement therapy can be effective to lower risk of AD (Alzheimer's Association, 2012). The results of previous studies suggest that estrogen replacement therapy may be associated with better mood, cognitive function and quality of life through promoting neuronal sprouting, enhancing cholinergic activity, decreasing brain and plasma levels of betaamyloid as discussed before (Almeida et al., 2006) . Estrogen probably may have a protective role in cognitive decline in AD (Jamshed et al., 2014) . Phytoestrogens have been shown to reduce AD-related pathology, potentially alleviating risk of its progression (Soni et al., 2014) .
Naringenin as a phytoestrogen found in foodstuffs and nutritional supplements (Helle et al., 2014 ) was used in our study on this foundation. There is accumulating evidence that naringenin has an estrogenic activity, in this way affecting NO production via estrogen receptors activation (via interaction with both alpha and beta types), i.e. in endothelial cells (Liu et al., 2008) . As mentioned, naringenin improved the memory of Aβ-injected rats in our study. However, this positive effect was not observed when we used the estrogen receptor antagonist fulvestrant, which suggests that the favorable effect of naringenin that we observed may have been partly due to its estrogen-like activity.
Recent line of research emphasized the important role of brain metabolic stress and neuroinflammation as a cause of cognitive decline in AD (De Felice and Lourenco, 2015) and Aβ peptide is hypothesized to stimulate microglia to initiate a typical proinflammatory phenotype in AD (Rojanathammanee et al., 2015) . Naringenin could inhibit neuroinflammation via cytokine signaling 3 and exert neuroprotection with potential benefit for treatment of inflammationassociated disorders like AD (Wu et al., 2015) . Naringenin also exerts protective effects against lipopolysaccharide-induced microglial activation (Wu et al., 2015) . There are also reports indicating mitochondrial dysfunction with insufficient ATP synthesis and enhanced release of reactive oxygen species known generally as oxidative stress, neuroinflammation from 14 dysfunction of microglia and astrocytes, abnormal ApoE4 allele protein and aberrant Tau phosphorylation play key roles in pathophysiological changes in brains of AD patients (Weinstein et al., 2013) . Intrahippocampal administration of Aβ is associated with increased oxidative stress and cognitive impairment (Bagheri et al., 2011) . In our study, Aβ administration increased lipid peroxidation as shown by a higher level of MDA and lowered SOD activity as an antioxidant system. These results support previous findings that reported significantly increased level of MDA in rodents after injection of Aβ (Cetin et al., 2013) . However, there are much controversy on SOD changes in AD models. In this respect, in vitro application of β-amyloid 25-35 could induce neurotoxicity in rat cortical neurons by lowering activity of antioxidant defense systems like SOD (Picaud et al., 1990) . Despite that, we demonstrated a beneficial effect of naringenin pretreatment in reducing the lipid peroxidation in hippocampus caused by Aβ injection. However, naringenin did not prevent the impairment in SOD antioxidant system, indicating that the antioxidant effect of naringenin was independent of the antioxidant status of the hippocampus. In support of our findings, a study by Heo et al showed that pretreatment of PC12 cells with naringenin could prevent the generation of the Abeta-induced reactive oxygen species and results in the decrease of Abeta toxicity in a concentration dependent manner and inhibits the Abeta-induced neurotoxic effect. In addition, the antiamnestic activity of naringenin in vivo was also shown in scopolamine model of amnesia in the passive avoidance test (Heo et al., 2004) . Part of these beneficial effects of naringenin may be attributed to its ability to reduce Aβ level and inflammation processes in the hippocampus. In this respect, prophylactic treatment with naringenin could improve functional disturbances and mitigate the ischemic brain injury by suppressing NF-κB-mediated neuroinflammation (Raza et al., 2013) .
Apoptosis, known as programmed cell death, is currently regarded as the primary form of cell death associated with AD. Apoptotic pathways are usually activated by a variety of factors including Aβ deposition and oxidative stress and inflammatory processes and cannot be reversed once fully activated (Cheng and Li, 2014; Radi et al., 2014) . Although apoptosis is considered to be one of the most promising therapeutic targets in neurodegenerative disorders like AD (Radi et al., 2014) , no effective pharmacological interventions have been developed to date. In our study, naringenin pretreatment was capable to decrease hippocampal apoptosis that was consistent with its anti-apoptotic activity in the brain (Chtourou et al., 2014) . However, there is some evidence showing pro-apoptotic and cytotoxic effect of naringen in cell culture (Arul and Subramanian, 2013) . This controversial issue itself needs further investigation in the future.
In the current study, all behavioral assessments were done on days 14 to 20 post-surgery. The reason for that approach was that, in our preliminary studies, we had not observed any significant changes in learning and memory indices during days 7-13 after A injection, which indicated that injection of Aβ into the hippocampus causes cumulative cell damage. In our study, the single dose of naringenin was given to the rats one hour before surgery. Regarding blood brain barrier (BBB) permeability of naringenin, Youdim et al investigated this issue in in vitro and in vivo conditions (Youdim et al., 2004) . They exhibited that naringenin has high permeability across BBB through its different regions. Pharmacodynamics analysis showed that after single oral administration of naringenin at a dose of 20 mg/kg, it is rapidly absorbed and can be observed in plasma 20 min after dosing. Plasma concentration reaches peak value after 3.5 h (Kanaze et al., 2007) . It should be mentioned that the elimination half-life for naringenin is 3.93 ± 1.01 h (Wan et al., 2011) . Oral administration of naringenin is followed by rapid absorption as its conjugated forms. It has low bioavailability owing to extensive first-pass metabolism which is partly done by cleavage of c-ring by enzymes of intestinal bacterial enzymes leading to degradation products such as phenolic acids. In the current study, we administered naringenin about an hour before Aβ1-40 injection, meaning that its protective effects still present after Aβ1-40 exposure. In this study, we preferred to administer naringenin before lesioning the rats. The reason for this selection was that such compounds are more beneficial and more effective if given before or during the initial stages of pathological and clinical AD. In the present study, we used wellcharacterized hippocampus-dependent spatial memory tasks, Y maze and radial arm maze, in addition to passive avoidance test for assessment of learning and memory. The Y maze task is a specific and sensitive test of spatial recognition memory in rodents. The test relies on an innate tendency of rats to explore a novel environment. The Y maze used in this study involves no aversive stimuli and was considered suitable for evaluating memory. The specific part of the brain involved in performance of this task includes the hippocampus (Nasri et al., 2012) . Since naringenin pretreatment significantly improved spatial working memory in Aβ1-40-injected rats, as evidenced by increase of spontaneous alternation percentage as compared to Aβ-treated rats, this result suggests that naringenin at its used dose improved acquisition of the short-term memory of the Aβ(1-40)-treated rats in Y-maze task. In behavioral neuroscience, radial armmaze task is widely used for evaluation of the effect of drugs, stress and various other environmental factors on spatial memory (Bayat et al., 2012) . Aβ1-40-treated rats exposed to naringenin exhibited an improvement of working memory as compared to Aβ1-40 alone-treated rats in radial arm-maze task. These findings could suggest that naringenin plays an important role in spatial memory formation.
Conclusion
Our findings suggest that naringenin pretreatment attenuates Aβ-induced impairment of learning and memory through mitigation of lipid peroxidation and apoptosis and its beneficial effect is somewhat mediated via estrogenic pathway. Values are means ± S.E.M. * P < 0.05, ** P < 0.01 (vs. sham); # P < 0.01 (vs. A-beta). 
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